INTRODUCTION
Corruption, defined here as the "abuse of public power for private gain" (World Bank 1997), has long been highlighted as an important consideration in development, and today is part of the wider 'good governance' agenda promoted by aid agencies (Doig and McIvor 1999) . The assumption is straightforward. Corruption can result in the diversion of resources from the public good to private consumption and overall result in losing the impacts that were intended to be of wider benefit. Indeed Doig and McIvor (1999) state that corruption "has distorted development priorities, led to massive human and financial capital flight, and undermined social and political stability ... corruption is deeply damaging to the social and political fabric, to investment, and to economic growth." Given this statement it is no surprise that Hisamatsu (2003) states "it is difficult to overstate the economic and social significance of corruption".
Causes of corruption are said to be many (World Bank 1997, Goudie and Stasavage 1998) but can broadly be divided into three aspects:
Corruption has not only been linked to social and economic development, but also to environmental sustainability (Lopez and Mitra 2000 , Damania et al. 2003 , Welsch 2004 ). While corruption is not environmentally destructive in a general sense (Robbins 2000) poor governance results in bad policy formulation, management, and enforcement, and this can become apparent through problems with environmental sustainability (Damania et al. 2003 ). Yet while there are many assumed causeeffect relationships between corruption and environmental sustainability there are few empirical analyses. One qualitative example focused on environmental regulation in the New York waste industry and how this interacts with organized crime is provided by Carter (1997) . There are also examples that take a more quantitative approach by correlating measures of corruption with indicators of environmental sustainability in much the same way as others have tried with corruption and economic performance (Mauro 1995, Hall and Jones 1999) . Since the turn of the century this has been facilitated somewhat by the emergence of the 'high-profile' Environmental Sustainability Index (ESI) for nation states. The ESI, first published in 2001 and subsequently in 2002 and 2005 , has seen an increasing popularity at least in the popular media (Morse 2004, Morse and Fraser 2005) and has been overtly linked in the press to the rule of law:
"Finland and Norway have the most environmentally sustainable economies. The Environmental Sustainability Index is an assessment of dozens of variables that influence the environmental health of economies. One of the strongest determinants, besides wealth, seems to be good governance including a broad commitment to the rule of law" Economist (2002).
The ESI is by no means the only index or indicator of sustainability (Sutton and Costanza 2002) , and an approach also gaining in interest is the estimation of Critical Natural Capital (CNC). The increasing popularity of the ESI is in part related to the fact that it is promoted by the powerful World Economic Forum (WEF), and its release coincides with highprofile WEF meetings. The ESI is a thorough index in the sense that the rationale, methodology, and component data sets are carefully laid out in widely available documentation (www.ciesin.columbia. edu/indicators/ESI/). This greatly facilitates the use of the ESI for relating environmental sustainability to economic performance (Morse and Fraser 2005) as well as corruption. Corruption, however unlike economic performance which can be proxied with measures such as gross domestic product (GDP) and gross national product (GNP), is a complex human behavior that is notoriously difficult to measure precisely because its very nature makes it opaque (Lambsdorff 1999 , Hisamatsu 2003 . Those benefiting from corruption are unlikely to say so and even more unlikely to say how much they receive. Those on the giving end may be less reticent to talk about the extent of corruption, but there is a danger of them exaggerating their problems by confounding difficult bureaucracies and different ways of doing business with corruption. As a result, empirical analysis of corruption is a relatively new endeavor (Lambsdorff 1999) , but even so national measures typically based on perceptions of its prevalence do exist and the ESI includes one of them (World Bank Corruption Survey) as a component. A more widely reported metric is the Corruption Perception Index (CPI) published each year by the Berlin-based Transparency International (TI). Both of these indices reflect an increasing desire to measure complex characteristics of society and to present the results in a comparative format, in this case league tables.
In a recent and pioneering contribution Welsch (2004) uses the cross-national data available in the ESI 2002 data sets to explore the relationship between air and water pollution and corruption. For the latter he employed the World Bank Corruption Survey data in the ESI data set. Both 'state' (ambient) and 'pressure' (emissions) were included [1] , and the results suggest that there are two effects:
1.
A direct effect, such that corruption interferes with monitoring, enforcement, etc. Hence, more corruption unambiguously corresponds with more pollution. As stated in the ESI 2005 report , "corruption contributes to lax enforcement of environmental regulations and an ability on the part of producers and consumers to evade responsibility for the environmental harms they cause".
2. An indirect effect, as corruption is negatively related to prosperity, which in turn has more complex relationships with various measures of pollution. For low income countries an increase in GDP may increase pollution but there is a turning point beyond which increasing prosperity reduces pollution (Grossman and Krueger 1995) .
As a result, "the effect of corruption on pollution is particularly strong in low income countries. Reducing corruption is therefore especially important for the less developed regions" (Welsch 2004 ). However, the linkage between 'state' and 'pressure' was unclear for some pollutants as emissions kept increasing beyond the point where ambient levels had peaked. Welsch (2004) Rather than focus solely on the published values of the ESI the analysis will go one step further by dissecting the ESI into its Pressure-State-ImpactResponse (PSIR) components. As will be discussed later, one of the advantages of the ESI is that this is a relatively easy step to achieve given the way in which the ESI is presented by its creators. The PSIR model was popular in the 1990s (Berger 1997 , Gallopin 1997 , Mortensen 1997 , Crabtree and Bayfield 1998 , Guy and Kibert 1998 and indeed was adopted by the United Nations following the first Earth Summitt in 1992 although it has since been dropped. While the PSIR framework has the advantage of highlighting cause-effect in sustainability it has been criticized for promoting a linear and mechanical thinking (Gallopin 1997, Spangenberg and Bonniot 1998) . Nevertheless, it is employed here to see whether the relationship between corruption and environmental sustainability differs across these components.
CORRUPTION PERCEPTION INDEX (CPI)
Transparency International (TI), the founder of the Corruption Perception Index (CPI), is said to be "the prime global source of information on, and analysis of, corruption in all of its forms" (Davies 2004) , and as such is highly respected worldwide (www. transparency.de). The CPI is based upon a perception of corruption amongst a particular group (mostly Northern-based business people, albeit described in the TI reports as 'well-informed people') towards countries with which they have experience (Lambsdorff 2002) . This group has a particularly intricate relationship with corruption given that they may be perceived as a lucrative source of bribes by potential receivers and this may well generate a biased perspective towards corruption. However, it could also be argued that it is subjective perception of corruption that influences factors such as investment (Mauro 1995 Lambsdorff (2002) . The result is an aggregated index in the sense that it is comprised of other indices of corruption. Each country is allocated a value ranging between 0 (most corrupt) and 10 (least corrupt).
The CPI has its faults. Allegations of a Northernbias have already been mentioned, but is it realistic to extrapolate a perception gained by this group interacting with maybe relatively few people, albeit in important and powerful positions, to a whole country? Even so, it is generally assumed that the CPI is one of the best measures of corruption currently in place largely because it utilizes such a wide range of sources rather than relaying on just one (Wilhelm 2002) .
ENVIRONMENTAL SUSTAINABILITY INDEX (ESI)
The Environmental Sustainability Index (ESI) is also an aggregated index, but of a different nature then the CPI. Here the aggregation results from combining data sets encompassing diverse aspects of environmental sustainability from ambient pollution and emissions of pollutants to impacts on human health and being a signatory to international agreements. Values of the ESI have been published for 2001, 2002, and 2005 Table 1 . More important for this paper is the nature of the variables, and these have been subject to some evolution since 2001. Table 2 While the flexibility is to be applauded, these changes make it difficult to compare the ESI across years.
Aggregation within the ESI is entirely in terms of the relatedness of the variables to the indicator rather than amongst themselves. Hence, while variables within an indicator may be expected to be correlated this may not necessarily be the case. Welsch (2004) and could be related to pressure such as number of petrol and diesel vehicles (included as a variable under the 'reducing air pollution' indicator); the fourth is more a function of the use of coal, charcoal, and wood burning. Other indicators have variables that are all related. For example, the indicator 'reducing population pressure' has variables for population change and fertility rate. These two variables are, in essence, cause-effect as fertility rate is one driver for population change. But many of the indicators do not include variables with such a relationship. Given the diversity of the variables and the obvious cause-effect between some of them, it is perhaps surprising that there is no adherence to a PSIR model in any of the ESIs published to date. For the purpose of this paper the PSIR model provides a convenient categorization, and hence Table 2 also includes a judgment by the author as to whether the variables are pressure, state, impact, or response. It should be stressed that while some variables can clearly be placed into one of these categories [e.g., SYSAIR in 'state' and STRAIR (reducing air pollution) in 'pressure')] it is something of a subjective judgment.
The ESI has received some criticism since its first release in 2001 (Jesinghaus 2000 , The Ecologist 2001 . First, it has been pointed out with some justification that the selection of the variables that make up the ESI is a subjective process and hence the ESI is largely reflecting what its creators feel is important. So there is potentially the same sort of bias as is inherent in the CPI. Given that there is a preponderance of variables having a strong positive correlation with wealth, it could then be argued that the ESI is biased in favor of the richer countries (The Ecologist 2001). Second, as Welsch (2004) Morse (2004) .
In fairness to the creators of the ESI, it does need to be stressed that other approaches to measuring sustainability are not without their own limitations. For example, the CNC approach mentioned earlier begins by identifying the characteristics of natural capital in the ecosystem (quantity and quality) and how these relate to ecosystem (e.g., a forest) function . Assuming that an economic activity (e.g., deforestation for agriculture or timber) will impact the ecosystem in quantitative (number of trees logged) and/or qualitative (tree species logged or damage caused while logging) terms then this can be estimated and the results compared with an assumption as to what is required for sustainability. In effect, the approach defines both the minimum quantity of natural capital necessary for continued function (e.g., the size and nature of forest) and the maximum pressure (e.g., maximum rate of logging of species) that the natural capital stock (the forest) can tolerate while maintaining all its functions. The difference between the actual levels and what is deemed to be adequate for sustainability is referred to as the Sustainability Gap (SGAP). The approach can be applied at local, national (Deutsch et al. 2003, Ekins and , regional , and global scales. However, while the CNC has an appeal it also suffers from disadvantages that in part mirror those of the ESI. For example, the CNC is highly dependent upon good quality data at the ecosystem scale employed in the analysis as well as a good understanding of the link between ecosystem form and function. Also, despite the apparent objectivity of the CNC there is still some underlying subjectivity. For example, with the CNC much depends upon what is meant by the term critical. This may be a relatively straightforward process in terms of biophysical function (e.g., a forest absorbing CO 2 ), but what about ethical and social perspectives, and whose values should be the ones employed to define critical? Should local perspectives be allowed to dominate or should the wider national or global interests be the overriding concern? These are essential concerns in the application of the CNC for policy making and management Despite the limitations of the ESI it has been employed in this analysis for a number of reasons. First, the values of the ESI have been published for three years with the most recent being in 2005. Second, the values of the ESI indicators are available for a relatively large sample of countries (146 in 2005). Third, the ESI incorporates indicators of impact and response as well as state and pressure. This allows for a wider exploration of relationship to corruption.
METHODS

Comparison of ESI, CPI, and income
Between 2000 and 2005 the CPI and the ESI have been employed in their raw form (i.e., the values as published by TI and in the ESI reports, respectively). However, given that there are differences in availability of the ESI and CPI across countries, the data set employed when comparing the CPI to other variables is more limited (sample size = 64). z-value = (country value -mean) / standard deviation The z-value will increase with the country value, and a country value less than the mean will yield a negative z-value.
If high values are deemed to be bad for sustainability (e.g., suspended solids in water, GMS_SS, also part of SYSWQL) then the z value is given by: z-value = (mean -country value) / standard deviationmean In this case, a high value for a country (i.e., one greater than the mean) will result in a negative zvalue. Whichever is used the result is the same; the higher the value of the indicator then the better the sustainability (high values are good while low values are bad).
It should be noted that in the ESI 2002 report some variables are transformed to logarithms before standardizing (the criterion is the degree of skewness of the variable), and there is some capping of variables so as to remove low and high extremes using percentiles. Once the z-values have been found for all of the variables in an indicator they are averaged so that the higher the z-value for an indicator the better the sustainability.
Analysis of the relationship between the PSIR indicators and CPI 2002 was via simple linear regression with the indicator z-values as the dependent variable.
RESULTS
Income, corruption, and the ESI
CPI 2002 plotted against GDP per capita for 2000 is provided in Figure 1 (note that higher values of the CPI relate to less corruption). The relationship between the two variables is highly significant with an R 2 of 80%, and GDP per capita increases with decreasing perceptions of corruption. This relationship between corruption and economic performance has long been known. Mauro (1995) and Welsch (2004) , among others, have taken this to mean that corruption decreases economic performance which in turn drives down income. There are various explanations but maybe the simplest is that corruption leads to poor decision making amongst corrupt officials as effort is geared towards rent-seeking rather than production. Another possibility is that investment from foreignbased companies is less where corruption is perceived to be greatest.
Income can also be related to environmental sustainability, or at least as it is presented in terms of the ESI. Figure 1 includes a plot of published ESI 2002 values for each country against income. Again, the relationship is positive such that the ESI increases (sustainability improves) with increasing income. This positive relationship between the ESI and income has attracted some criticism of the ESI as a measure of environmental sustainability (Morse 2004, Morse and Fraser 2005) . Note how poor performers in economic terms are more uniform in terms of their ESI compared to the richer countries. There is also some visual sense of the ESI first decreasing (sustainability worsens) with increasing wealth before increasing again in line with the conclusions of Grossman and Krueger (1995) and others, although the evidence is hardly compelling. http://www.ecologyandsociety.org/vol11/iss1/art22/ Despite the statistical significance of the t-value of slope (t=5.1, P<0.001) the R 2 is low (16%). Indeed, Morse and Fraser (2005) point out that some ESI components are more strongly related to GDP/ capita than others.
Given that both the CPI and ESI are positively related to GDP per capita then the ESI can also be related to the CPI. Figure 2 shows plots of CPI (independent variable) and ESI (dependent variable) for 2001, 2002, and 2004-05 . The data set is limited by availability of values for both the ESI and the CPI over those years, hence the residual degrees of freedom are only 82. Even so all three linear regressions are highly significant with R 2 varying from 30% up to 65%. Though there is substantial unexplained variation (up to 70%), the evidence for at least some relationship between corruption and environmental sustainability appears to be compelling. As corruption lessens (CPI increases) then environmental sustainability as measured by the ESI improves (ESI increases). Of course the graphs say nothing about the causes of the relationship. There may well be direct effects (e.g., corruption limiting the introduction of regulations or the effectiveness of enforcement) as well as indirect (acting through income). Given that the ESI values in Figure 2 are composites of between 67 and 76 variables it could reasonably be hypothesized that only some of the variables may be responsible. Does a more indepth analysis using the PSIR framework shed some light on the causes of the relationship between ESI and CPI?
PSIR components of the ESI related to the CPI
Assuming the PSIR indicators have an element of cause-effect (pressure influences state which in turn influences impact), Table 3 presents the correlation coefficients between the indicators. It should be remembered that higher values of the indicators always point towards greater sustainability. Many of the correlations are significant and positive; as one indicator shows an increasing sustainability then so does the other. For example, VULHEA (an indicator of environmental health) increases in line with SYSAIR (air quality) and SYSWQL (water quality). This is a logical relationship as increases in air and water quality would presumably reduce the variables that comprise the indicator: death rate from intestinal infectious diseases, child death rate Ecology and Society 11(1): 22 http://www.ecologyandsociety.org/vol11/iss1/art22/
Fig. 2. Environmental Sustainability Index (ESI) as a function of Corruption Perception Index (CPI). CPI:
scale from 0 (most corrupt) to 10 (least corrupt). ESI: scale from 0 (least sustainable) to 100 (most sustainable). from respiratory diseases, and children under five mortality rate per 1,000 live births. However, it should be noted that some coefficients in Table 3 are negative, implying that an increase in sustainability suggested by one indicator leads to a decrease in sustainability in the other. Good examples of an apparent breakdown in cause-effect can be found under Table 3 .1, the correlations between pressure and state indicators. SYSAIR is negatively correlated with STRAIR implying that air quality increases (SYSAIR increases) as the pressure brought about by emissions increases (STRAIR declines). There may well be differences in data quality here as Welsch (2004) suggests, but another complicating factor in all the correlations in Table 3 is the relationship the indicators have to income, which can be strong. Table 4 are the correlation coefficients between the indicators and income as proxied by logarithm of GDP per capita. Most of the pressure indicators have a negative correlation to income (pressure worsens as income increases) but the opposite is true for most of the state, impact, and response indicators. Given that the number of state, impact, and response indicators outnumbers the number of pressure indicators, the ESI increases with income ( Figure 1) . This, however, may hide the worsening pressure on the environment. Corruption, as measured by the CPI, is also highly correlated with income ( Figure 1 ) such that corruption tends to worsen (CPI declines) with http://www.ecologyandsociety.org/vol11/iss1/art22/ ns not significant at P<0.05 * P<0.05 ** P<0.01 *** P<0.001 decreasing income. This creates a dilemma when attempting to regress the indicators on the CPI. Is any trend due to income or corruption? For the purpose of this paper, the issue was addressed by first regressing the CPI 2002 on logarithm of GDP per capita and then calculating the predicted CPI values before finding the residuals (observed minus predicted). The results of this correction in CPI are shown in Table 5 . In essence, the residual CPI values are a measure of corruption with the influence of income removed. Higher values of the residual CPI correspond to data points where the observed CPI is greater than that predicted from income and vice versa. As a result, the higher the residual CPI, the lower the perception of corruption. It was the residual CPIs that were used as the independent variable in the analysis of PSIR indicators, and the results are shown in Table 6 .
Once income has been accounted for, none of the pressure, state, and impact indicators are significant at 5% and the R 2 values are very low (3% or less). Thus it would appear that corruption is not a good predictor of environmental sustainability. However, there are two regressions that are significant at 10% (albeit with low R 2 ); these are STRPOP (reducing population growth) and VULHEA. In both cases, the slope coefficient is negative suggesting that sustainability worsens (indicators decline) as corruption diminishes (residual CPI increases). VULHEA comprises three variables that measure human health while STRPOP has two variables, which are the percentage change in projected population from 2000 to 2050 and the total fertility rate. The two variables are highly and positively correlated (r=0.857***) suggesting that as one improves (in a sustainability sense) then so does the other. While it is possible to see how these two indicators could be related to each other and to corruption, it is hard to see why the relationship for the latter would be negative.
However, the indicators that have the most statistically significant relationship to the CPI residuals are those of response. All of them are significant at 10% and most at 5%, and the regression coefficients are all positive. Values of R 2 are not particularly high, although for three of them they are greater than 10%. The three indicators with most statistically significant relationship to the CPI residual are CAPGOV (environmental governance), CAPPRI (private sector responsiveness), and GLOPAR (participation in international collaborative efforts). It is with these that the negative effects of corruption appear to be most felt, and this would appear to be logical given that these indicators may more closely reflect the impact of corrupt behaviour in decision making. CAPGOV comprises amongst http://www.ecologyandsociety.org/vol11/iss1/art22/ ns not significant at P<0.05 * P<0.05 ** P<0.01 *** P<0.001
other variables ones such as the World Economic Forum Survey on environmental governance, the number of sectoral EIA guidelines, and the percentage of total land area under protected status. Also included in CAPGOV is a measure of corruption, which is expected to be correlated with the CPI residual, but this is but one of 10 variables. CAPPRI comprises variables such as the World Economic Forum Survey on private sector environmental innovation and the number of ISO 14001 certified companies per billion dollars GDP. GLOPAR has variables such as the number of memberships in environmental intergovernmental organizations, the percentage of CITES reporting requirements met, and compliance with international agreements. It is not difficult to envisage how all of these could be a function of bad decision making, part of which could be due to corruption. Regression equation: CPI = -10.884 + 4.0309 log (GDP/capita) t-value (intercept) = -9.63 **** t-value (slope) = 13.67 ***
DISCUSSION
What does this analysis say about the effect of corruption on environmental sustainability? First, it needs to be reiterated that it is an analysis of indicators and indices that are meant to be representations of an underlying truth. The CPI does not measure corruption in the same sense that a pollutant can be measured in water. As the ESI has been criticized for not taking into account flows of pollutants across national borders (The Ecologist 2001) then it is well to remember that causes of corruption are not necessarily all internal. Hisamatsu (2003) has shown how corruption within a country can be enhanced by foreign demand. The CPI is largely an index of the perception of business people, mostly based in the developed world and this cannot be assumed to be an unbiased group. Their perception of corruption across countries could well be formed by a range of factors, including stories (possibly exaggerated) they may hear from their colleagues. The measure of corruption is being made by those who may, at least in part, be enhancing the very characteristic they are experiencing and reporting. Both environmental sustainability and corruption are transnational, and the allocation of single values to countries can hide such globalization. Similarly, the ESI is a collection of indicators which in turn are amalgams of variables. This choice plus the methodologies for handling the data have been set by the creators of the ESI. The categorization of indicators into PSIR for this paper was the choice of the author and not of the creators of the ESI. Thus, it is important to remember that the apparent objectivity of the analyses in the tables and figures is based on much subjective judgment.
The results broadly suggest that the only significant relations between CPI and the ESI indicators are with those in the response category, although even here the R 2 values are less than 20%. There were some marginally significant relationships between the CPI and pressure and impact indicators (notably STRPOP and VULHEA), but it is with the response indicators that the effects are most readily apparent. The link between response and corruption should perhaps be expected, given that the nature of many of the variables that comprise the response indicators and their direct relationship to the senior decision makers (who could well be representative of the groups most likely to be met by the business people whose views form the basis of the CPI). While it may appear that reducing corruption improves decision making and management, such a simplistic assumption of cause-effect may be misleading. It could be that the response indicators and residual CPI could be manifestations of an underlying quality of policy making and management with many influences. Great care does need to be taken when assuming a cause-effect relationship, especially with factors as complex and multifaceted as environmental sustainability and corruption.
If the response indicators are being influenced, at least in part by corruption, then why does this not feed through into the pressure, state, and impact indicators? After all there were numerous significant correlations amongst the indicators, including those of pressure and response. There could be issues of data quality here as well as sampling and aggregation distortions that might arise from trying to allocate a single value for ambient pollution or emissions for each country. The single figures for each country could hide a substantial degree of intra-country variation with a patchwork of good and bad environmental conditions. There is simply too much error variation in the data once the effect of income has been removed, and while some significant trends can be discerned the explanatory power of those http://www.ecologyandsociety.org/vol11/iss1/art22/ ns not significant at P<0.05 * P<0.05 ** P<0.01 *** P<0.001
regressions in this analysis is low.
Returning to the cause-effect issue, all of the graphs in this paper present the ESI and its components as dependent variables and corruption as independent. This is a reflection of Welsch (2004): "corruption reduces income, and lower income goes along with higher pollution levels". Hence there is a clear linear chain of thinking. The problem is that corruption could be encouraged by low income levels as well as a poor environment. The latter could be reflected, for example, in a wish to escape from polluted spaces to more affluent spaces where these problems may generally be less. After all, it only takes a relative few individuals in important positions where they have contact with foreigners to generate perception of corruption reflected in the CPI. This results in a complex positive feedback model and the developed world is not without responsibility. Is environmental sustainability (ESI) now a function of corruption (CPI) or should this relationship be reversed? The answer is probably an element of both.
CONCLUSION
While the results of this research do superficially suggest a significant relationship between corruption and environmental sustainability, care needs to be taken with interpretation even when regressions are statistically significant. Even the best regressions have R 2 values of less than 20%, but perhaps this is not surprising given the data sets that form the basis of the analysis. Highly aggregated (on a spatial scale) indices such as the ESI and CPI can hide much intracountry variation. The ESI in particular has had its share of critics with regard to the choice of variables and methods of mathematical integration. The CPI is a measure of perception of but one group of stakeholders, mostly based in the developed world. Given all these issues it is perhaps surprising that any statistically significant relationships emerge between the CPI and some of the ESI indicators.
While the analyses presented in this paper provide some clues as to the relationship between corruption and environmental sustainability, care does need to be exercised. This relationship requires much further exploration with a diverse range of methods and not just the sort of highly aggregated, quantitative, and national data employed here. More qualitative case studies could generate insights that would help with the interpretation of the national studies. If we have learned anything about sustainability, it is how variables can be intertwined in complex relationships, which are highly resistant to simplification.
